Abstract. The use of induction chemotherapy prior to chemoradiation for locally advanced head and neck squamous cell carcinoma (LA-HNSCC) remains controversial. We explored whether toxicity from induction chemotherapy influenced the delivery of concurrent chemoradiation. Among 171 consecutive previously unirradiated patients with HNSCC treated with combined chemotherapy and radiation, we identified 66 patients with stage III-IVB head and neck carcinoma who were treated with induction chemotherapy prior to planned chemoradiation. The most common induction regimen was docetaxel, cisplatin and 5-FU (TPF; 80%) for 2 to 3 cycles. Mean radiation dose was 72 Gy (range, 36-75 Gy). Concurrent chemotherapy regimens included cisplatin (26%), cetuximab (5%) and 5-fluorouracil/hydroxyurea (65%)-based regimens. At a median follow-up of 27 months (range, 9-56 months), the 2-year locoregional control and distant control rates were 85 and 86%, respectively. The 2-year disease-free survival and overall survival rates were 74 and 80%, respectively. Although there were no grade 5 toxicities during induction chemotherapy, 26% of patients required hospitalization for adverse events, including 5% needing intensive care. The most common high grade adverse events were grade 4 neutropenia (21%) and neutropenic fever (17%). Six percent of patients were unable to tolerate concurrent chemotherapy. The 2-year disease-free survival was significantly higher in patients able to complete induction and concurrent chemoradiation as planned (83 vs. 27%, p<0.001). Induction chemotherapy followed by concurrent chemoradiation results in promising survival rates in our cohort of advanced head and neck carcinoma patients. Due to severe toxicities in a subset of patients, this strategy is only recommended in selected high-risk patients who are carefully followed by an experienced multidisciplinary team.
Introduction
In the era of more effective concurrent chemoradiation regimens for locally advanced head and neck cancer, there has been a reversal of the patterns of failure, with distant metastases occurring more frequently than locoregional relapse (1, 2) . Approximately 15-30% of patients with locally advanced head and neck cancer ultimately develop distant failure despite concurrent chemoradiation (3) . Patients considered at greatest risk for distant relapse are those with advanced N2b-N3 nodal disease or unresectable disease (4) . The ability of induction chemotherapy to prevent distant metastases and improve overall survival remains controversial, although some data from retrospective and prospective studies support a beneficial effect (2, (5) (6) (7) . In contrast, most randomized trials fail to demonstrate a significant effect of concurrent chemotherapy on distant metastases, although a modest reduction cannot be entirely ruled out (6, (8) (9) (10) . The emergence of taxane-based induction chemotherapy regimens, which demonstrated improved efficacy compared to older regimens, has strengthened the rationale for sequential chemotherapy followed by chemoradiation (7, 11, 12) .
Despite the considerable promise of induction chemotherapy, there remain significant concerns that have limited its widespread adoption. First, severe toxicity occurring during induction chemotherapy may delay or prevent the administration of definitive radiotherapy (3, 13) . In addition, as concurrent chemoradiation is already associated with high rates of acute and late toxicity, there are concerns that the toxicity from induction chemotherapy may limit the ability of patients to tolerate the toxicity of concurrent chemoradiation (1, 9, 14) . In the TAX 324 study, 27% of patients were unable to complete the treatment regimen, including 8% of patients who ultimately did not receive radiation.
We undertook the current study to better define the toxicities that may potentially limit the use of induction chemotherapy followed by concurrent chemoradiation for the Toxicity profile and clinical outcomes in locally advanced head and neck cancer patients treated with induction chemotherapy prior to concurrent chemoradiation ERIC C. KO 1 definitive treatment of advanced head and neck carcinomas. In addition, we report our initial clinical outcomes, including locoregional and distant control as well as disease-free and overall survival. Lastly, by analysis of patient variables, we sought to identify useful prognostic factors that define subsets of patients who benefit from this treatment approach. (Table I) . A cohort of 66 patients (39%) were treated with induction chemotherapy followed by definitive local therapy. In general, patients were selected for induction chemotherapy on the basis of their increased risk of distant metastases, with 94% of patients having T4 and/or N2-3 disease (Table II) . This cohort includes 3 patients with synchronous non-metastatic lung, esophagus and bladder primary tumors. Prior to initiation of treatment, all patients underwent multidisciplinary evaluation, including complete history, physical examination, fiberoptic nasolaryngoscopy, laboratory evaluation (including complete blood count with differential, blood chemistries, and liver function tests), imaging (CT neck, and/ or PET or CT chest) and dental evaluation. The institutional review board approved this retrospective review.
Materials and methods

Patients
Induction chemotherapy. All patients received platinum-based induction chemotherapy. Most patients (80%) were planned to receive docetaxel (75 mg/m 2 on day 1), cisplatin (75 mg/m 2 on day 1) and 5-FU (750 mg/m 2 on days 1-5) for two to three 21 day cycles (12, 13) . Carboplatin and taxol (17%), cisplatin and 5-fluorouracil (2%), and single agent cisplatin (2%) were also used. All patients who completed induction chemotherapy underwent restaging with CT of the neck.
IMRT technique. Radiation treatment was delivered with intensity modulated radiation therapy (IMRT). An extended-field IMRT technique was used to cover target volumes. High-risk planning treatment volume (PTV) consisted of the pre-chemotherapy gross tumor volume (GTV) or sites of microscopic positive margin + 1.2 cm margin. The intermediate-risk PTV consisted of the tumor bed and first echelon of clinically uninvolved lymph nodes. The lower-risk PTV included the uninvolved ipsilateral supraclavicular fossa, contralateral neck and bilateral retropharyngeal nodes. Standard normal tissue constraints were utilized.
Patients underwent CT simulation in the radiation oncology suite with PET fusion, when available. Patients were treated supine and rigidly immobilized with a custom Aquaplast mask and customized shoulder immobilization. Patients were planned using Eclipse version 8.0 and treated on a Varian 21EX linear accelerator with 6MV photons, using dynamic multileaf collimation. ) or no concurrent chemotherapy was used in 26, 5, and 5% of patients, respectively.
Surgery.
Limited surgery was performed in 9 patients (14%) prior to chemoradiation. This included simple tonsillectomy with or without selective neck dissection (n=5), biopsy of the primary site with neck dissection (n=3), and endoscopic sinus resection (n=1). One patient with ethmoid sinus carcinoma with extensive intracranial extension underwent craniofacial resection after induction chemotherapy.
Toxicity assessment. The primary endpoint of this study was tolerability and compliance with planned induction chemotherapy and concurrent chemoradiation. All toxic events were scored using the NCI CTCAE v. 3.0. Patients were prospectively followed by weekly head and neck cancer management rounds. Patient dropout and hospital and intensive care unit admissions were scored separately.
Clinical follow-up and statistical methods. All results were reported using intent to treat principles. Of the 60 patients treated with radiation in our institution, all underwent multidisciplinary follow-up every 2-3 months. This was often supplemented with PET/CT monitoring. For the 6 patients who left our institution after induction chemotherapy, follow-up was obtained via telephone supplemented with electronic medical record and social security death index searches.
Survival and time to progression were estimated with Kaplan-Meier plots. Clinical outcomes were stratified by prognostic factors and significance was assessed with the logrank test. A Cox proportional hazards model of disease-free survival, taking into account age, gender, race, performance status, tumor stage, nodal stage, smoking history, primary site, and ability to complete the planned treatment, was utilized for multivariate analysis.
Results
Adverse events and compliance during induction chemotherapy. Overall, 59 of 66 patients (89%) completed induction chemotherapy (Fig. 1) . Although there were no grade 5 toxicities during induction chemotherapy, 26% of patients required hospitalization for adverse events, including 5% needing intensive care. The most common high grade adverse events were grade 4 neutropenia (21%) and neutropenic fever (17%) ( Table III) . Due to acute toxicity, 7 of 66 patients (11%) were unable to complete the originally planned cycles of induction chemotherapy. Among these patients, 5 elected to transfer their care to another institution prior to completing their induction chemotherapy (Fig. 1 ).
Tolerance and compliance during concurrent chemoradiation. Due to toxicity occurring during induction chemotherapy, 3 of 59 patients (5%) who completed induction chemotherapy were unable to receive concurrent chemoradiation. One patient elected to receive additional treatment at another facility, while 2 patients instead received concurrent cetuximab and radiotherapy. Among patients treated with chemoradiation in our institution, compliance with radiation was excellent, with all 56 patients receiving the planned dose of radiation. An unplanned treatment break of ≥7 days occurred in 6% of patients, due to toxicity (3%) or non-compliance (3%). Overall, patients received 99% of the originally planned radiation dose. During radiation, rates of grade 3 mucositis and grade 3 dermatitis were 47% and 15%, respectively (Table III) . Fiftyfive percent of patients required the use of artificial nutrition. Rates of grade ≥3 neutropenia and infection during chemoradiation were 41 and 7%, respectively. Median weight loss during radiation was 17 pounds (range 0-40 lbs). There were no grade 5 toxicities during chemoradiation, although 3% of patients required intensive care admission. Overall, 56 of 66 patients (85%) who began induction chemotherapy completed concurrent chemoradiation as originally planned. Clinical outcomes. The median follow-up in this cohort is 27 months (range, 9-56 months). A significant majority of these patients (94%) have had >12 months of follow-up. By KaplanMeier analysis, the 2-year locoregional control and distant control rates were 86 and 85%, respectively (Fig. 2) . The 2-year disease-free survival and overall survival were 74 and 80%, respectively (Fig. 3) . Analysis of patterns of failure indicated local failure only (1%), locoregional failure only (8%), distant failure only (9%), and locoregional and distant failure (5%). Three percent of patients died from comorbid illness without disease failure, while 74% of patients are alive and without evidence of disease at the last follow-up.
Predictors of clinical outcome. When clinical outcomes were stratified by whether patients were able to complete all of their planned treatment, the 2-year locoregional control (91 vs. 48%, p<0.001; Fig. 4A ) and disease-free survival (83 vs. 27%, p<0.001; Fig. 4B ) were both noted to be significantly higher in those successfully completing treatment compared to those that did not. By log-rank analysis, patients with a minimal smoking history (≤10 pack years) had a trend towards improved disease-free survival than patients with a more extensive smoking history (85 vs. 64%, p=0.06; Fig. 4C ). Interestingly, having an oropharyngeal primary did not predict for improved disease-free survival in this cohort (76 vs. 71%, p=0.6; Fig. 4D ). . Prognostic factors predicting locoregional control and disease-free survival outcomes. Kaplan-Meier estimates of locoregional control or diseasefree survival among our cohort of advanced head and neck carcinoma patients were stratified by whether the patients successfully completed induction chemotherapy followed by concurrent chemoradiation (A and B), >20 vs. ≤20 pack-years of smoking history (C), and oropharyngeal primary vs. other of head and neck primaries (D). A, the 2-year rate of locoregional control for patients who successfully completed treatment was 92, vs. 48% for those who were unable to complete treatment (p<0.001). B, the 2-year rate of disease-free survival for patients who successfully completed treatment was 84, vs. 27% for those who were unable to complete treatment (p<0.001). C, the 2-year rate of disease-free survival for patients with ≤20 pack-year smoking history was 87, vs. 60% for those with a >20 pack-year smoking history (p=0.02). D, the 2-year rate of disease-free survival for patients with an oropharyngeal primary was 75, vs. 73% for those with other head and neck primaries (p=0.81).
Univariate and multivariate analyses of factors associated with clinical outcome. In univariate and multivariate analyses, patients who were unable to complete the planned regimen of induction chemotherapy followed by concurrent chemoradiation fared significantly worse in their 2-year disease-free survival, compared to those who successfully completed this regimen (HR 10.5 in multivariate analysis; 95% CI, 2.52-43.48; p=0.001) (Table IV) . By univariate analysis, performance status and T stage were independently and significantly associated with a difference in 2-year disease-free survival. Demographic factors such as age, race, and gender, and tumor factors such as N staging, and oropharyngeal vs. nonoropharyngeal primary, were not significantly associated with a difference in disease-free survival. The latter conclusion may be due, in part, to the limited number of patients in our study cohort. Aside from completion of treatment, which was significantly associated with improved 2-year disease-free survival, no other factors were significantly associated with an improved survival outcome. By multivariate analysis, patients with advanced T staging (HR 2.8; 95% CI, 0.71-10.92; p=0.14) or N staging (HR 2.6; 95% CI, 0.87-7.46; p=0.2) both appeared to trend towards an inferior 2-year disease-free survival. In addition, by multivariate analysis, patients with a smoking history of >10 pack-years, compared to ≤10 pack-years, also trended towards an inferior 2-year disease-free survival (HR 2.4; 95% CI, 0.58-9.66; p=0.2).
Discussion
Based on multiple randomized trials and a recent metaanalysis, the current standard of care for locally advanced head and neck cancer is concurrent chemoradiation (6,7). However, recent studies of patterns of failure suggest that distant metastases are more common than locoregional recurrence in patients treated with effective chemoradiation regimens (1, 2) . The use of taxane-based induction chemotherapy followed by concurrent chemotherapy and radiation has emerged as a rational approach to address the competing risks of locoregional and distant relapse (11, 13) . To date, the TAX 324 regimen has represented the best studied approach to combining induction chemotherapy with concurrent chemoradiation (12, 13) . Following induction chemotherapy, low dose weekly carboplatin was used concurrently with radiotherapy due to concerns of poor tolerance of high dose cisplatin (13) . With this regimen, 21% of patients were unable to complete protocol therapy, including 9% of patients who were unable to receive radiation secondary to toxicity or progression (13) . Since concurrent carboplatin is considered suboptimal radiosensitizing chemotherapy for head and neck cancer, it was notable that concurrent chemotherapy with either weekly cisplatin or 5-fluorouracil and hydroxyurea-based concurrent chemotherapy, which are considered more active regimens, proved to be feasible in our experience (17) (18) (19) .
Our study indicates a relatively high rate of adverse events occurring during induction chemotherapy, which is not unexpected with an aggressive multiagent chemotherapy regimen (12, 13) . Almost 30% of patients required hospitalization for complications related to induction chemotherapy, which were most commonly high grade neutropenia, neutropenic fever, and metabolic abnormalities. Two patients required ICU admission, one of whom was diagnosed with a stroke and the other of whom had prolonged pancytopenia. However, among the patients who continued on our induction regimen, most ultimately recovered from their acute toxicities and were able to tolerate concurrent chemotherapy. Of note, there were no grade 5 toxicities in our cohort. Significantly, among patients who received radiation, over 95% were able to receive the prescribed dose and less than 10% had unplanned treatment breaks of over 7 days, indicating that the concurrent chemoradiation component of this approach is generally well tolerated. Our findings regarding the toxicities of aggressive induction chemotherapy parallel those of other investigators. The TAX 324 study reported 56-83% grade 3-4 neutropenia and 21-27% grade 3-4 mucositis during induction chemotherapy, and 37-38% grade 3-4 mucositis during chemoradiotherapy (13) . In this study, 29-65% of the patients had treatment delays during induction chemotherapy. This appeared to be due to a high number of hematologic adverse events, particularly in the cisplatin-5-fluorouracil (PF) induction arm. A recent SWOG study suggested that concurrent cisplatin (100 mg/m 2 ) and accelerated fractionation radiation therapy is poorly tolerated after intensive induction chemotherapy (20) . In addition, a phase III Madrid trial demonstrated that only 49% of patients received protocol-established concurrent cisplatin and radiation following induction cisplatin, 5-fluorouracil ± docetaxel, suggesting significant toxicity with this regimen in some patients (21) .
Overall, our 2-year rates of locoregional control, distant control and overall survival were promising, particularly for the 85% of patients who were able to complete induction chemotherapy followed by concurrent chemoradiation as originally planned. The outcomes were less satisfactory for the few remaining patients who were unable to tolerate the planned regimen due to toxicity. Although there is a theoretical risk that a delay in treatment may result in a reduction in overall treatment efficacy, as determined by inferior disease control and/or survival outcomes, our study was limited in its ability to detect if the outcomes for this subset of patients was in fact worse. This is an important issue to address in future clinical studies, as it directly addresses the major critique of an induction chemotherapy strategy.
There are several related areas of investigation that are worthy of note. First, there has been interest in exploring the use of concurrent cetuximab and radiotherapy following induction chemotherapy (22) . This approach may be less toxic and thus better tolerated than one with concurrent chemoradiation; however, to our knowledge there has not been a clinical trial to address this issue. Second, recent evidence indicates that human papillomavirus (HPV)-associated head and neck cancers respond more favorably to multiple treatment modalities, including surgery, radiation, and concurrent chemoradiation (23, 24) . Hence, it is reasonable to expect this subset of patients to respond more favorably to our treatment regimen as well. However, as the HPV status of tumors from the head and neck patients included in our series was not tested, we could not validate this hypothesis in our current analysis.
We eagerly await results from the ongoing DeCIDE, PARADIGM and Madrid phase III trials, which are designed to test the effect of induction chemotherapy on overall survival in the setting of concurrent chemoradiation (25) . In the interim, induction chemotherapy followed by concurrent chemoradiation is worthy of consideration in head and neck cancer patients with clinical T4b and/or N2b-N3 disease, who are predicted to be at high risk for distant metastasis (25) .
